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(54) PIEZOELECTRIC BODY THIN FILM ELEMENT AND MANUFACTURE THEREOF, AND INK 
RECORDING HEAD EMPLOYING PIEZOELECTRIC BODY THIN FILM ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture piezoelectric body thin film 
elements enhanced in its piezoelectric characteristics by forming a 
crystal structure of a rhombohedral system having a specific orientation 
on a piezoelectric body thin film. 

SOLUTION: The piezoelectric body PXT thin film element is equipped 
with a silicon Si substrate 10, a silicon oxide film 11 formed on the 
silicon substrate, a titan Ti oxide film 1 1 A formed on the silicon oxide, a 
lower electrode 12 consisting of, e.g. Pt formed on the titan oxide film, a 
piezoelectric body film 14 of a binary system PZT firm formed on the 
lower electrode, and an upper electrode 1 6 formed on the piezoelectric 
body film. In particular, the PZT thin film 14 is of a substance of 
magnesium niobic acid lead added as a third component to titanic acid 
zirconic acid lead, being a crystal structure of a rhombohedral system, 
and having a (100) orientation of 30% or more of the crystal structure by 
an X ray diffraction film method. It becomes larger in a constant of the 
piezoelectric as the orientation of (100) becomes higher, thereby 
improving characteristics as an actuator. 
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lr^$£-|±Tj£flOL7i„ T'-te^UT-te h>£ 3 O 5 ') >) 
v HU;$AnLT£^b£l±fc&, 7K'Jx^U>yj=i — 
;u£vOU*0>&g&lb!|$D(c*tL3 0Ss%jil5flnU «£< 

[0 0 4 5] Tmffi^JSLfrgft-tKPSSLfcvOU* 
Xlft/a-K'if U 4 0 0°CT!{g&Ji£U 2EH«<© 

%a>&titj*£2ftf|ij£u &nm?jmm&Mtft.i, 

[O0 4 6] ^|C> ^-oy^ij* h$SJl£#-5fctoRT 
A (Raid Thermal Anneaing) Jp^fflUtiSSiM 
58>(kTC6 5 0iClcAn!&LT1 #IB«1*L^U7=. 

— ;u*mv «tgjtcpz Tmmt Lfco 

[0047] Wcfl) > ;;^xe>3-K-ii|iLt4 

IWl/iSIJSiLfc. Jfcl-, RT A^fflUT6 5 0°C 
t7"U7-HHT1 #fHHS#f -Sw£l::<fcy, 

0 0 7iM8 0 0°C, Wf:L<l*, 4 5 0B17 5 0U 
$t>lc»*L<l*. 5 5 0Jil7 5 0tl:f'5Ci:lcJ: 

[0048] SklC, RTAjp?fflUt8t#igip7 
50, 800, 850, 900, 950, 1 000, 1 
O 5 0°CO)#;aJtlc*DflftLl »f B lft)ILt7--;H 
fco -£-0>fS§1. O ^ m(©mJSO>lim«:jtM 1 4 

[004 9] wa>*7(-LT#t)*tfcPZT5Sm$Xig 
RINT-1 4 0 0$ffil\ ^^ct?X^A*f^lJSl 

• -efrofc. 

[0050] @3IC, 9 0 0°Ct7--;i/LfcPZTil 
5 0°C7?T-— ^LfcP Z Tilfl<DjiMg6IC t fc^XjStHl 
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[005 1] 13. H4lc^LfcX^lelSf/^^ — ><D± 
t(0f-' j7*<-<a^X*-f hfl|jg<DPZT«)S^t°— > 

ttiifc-SiMiiE^ii^S'S*^ doo), (110) 

iko t°— <7 A<»j8t-a-r 1 e— ^ ic # o x § c 

[0 0 5 2] ffi«jHM±ICT;U5-^A««^^ 

»as-c»j*u mssisd 3 1 sajELfc. «i i=t= 

-;USJS<t (1 OO) I5lR]g«>:l±«S&d 3 1 <D§8«£ 
[0053] CCt?. (1 00) <&IEIr]JSP (1 00) 





P(100) 


750*C 


18.7% 


800 r 


31.5% 


850TC 


55.7% 


900 *c 


64.5% 


95or 


52.0% 


looor 


37.3% 


1050TC 


14.0% 



[0056] (100) CDIBfRlS P ( 1 O O ) *<lg < £ 
[0 0 5 7] (HJ£^J2) *>iJa>««JilZT«*tL 

hO. 0 3 0^k PS^^y^AO. 0 0 

3 O 5 U 'J ^ HI/©B»t, 1 0 0°Clzan!»LT 

[0 0 5 8] CCD^U^M^^-C^iPL. T*>^h^ 

>fv?P/K+vKo. 0 5 0t;k /<>$x 

:?o. o i 3^*if;Hr5v^?5 o s u u *v k;u 

fc5S»$i±TSiPLfco 7tf;i/7izh>$3 0S'JU 

B*LTJM(«r/JI'£: Lfc (Zr/Ti =3 0/5 

O) o 

[0 0 5 9] R1tlc2/jU3=. h/j— h 
O. 03 5^;!/, f^>fh7-fV^P*+vK0. O 

4 5^;U (Zr/Ti=35/45), K(=^l/3— 
A7-fef;i/7t 'h-*— hO. 0 4 0^k f^>f h7 
^fV^P**vKO. 040iiKZr/Ti=40/ 

O. 045^E7U. ^£>ir h7^ V^P^+V KO. O 
3 5^1* (Z r / T i = 45/35) <7) vJUzi — ^ A £ 



I*. P (100) =1 ( 1 O O ) / 1 ! (hkl) 

-To 11 thk I) it. x^mmmmv. jjssizcu 

Ka$&&mi^t-t£<02 Otf2 OS- 6 OJgCDPZ T <D 

[0054] fct£U (200) 91* (1 00) 9£« 
fiB£*SitffiT*fc*fctf>* II (hkl) \z\*&#>tjil\ 

mtetoi^iz. (100), (110). (111). 
(210). (211), $£&m&m&mouftx-& 
z>o 1 (ioo)it Bi:<pzTO)(ioo)esi 

[0 0 5 5] 
[«1 ] 

S«^»d31 

61pC/N 

90pC/N 
132pC/N 
123pC/N 
120pC/N 
lOOpC/N 

88pC/N 



[00 so] umtmrnmi tmm~s ^v^mxmm 
/Tit (100) iB[p]jstj±m^ad 3 1 (DMm&T* 

"To 

[O O 6 1 ] 



[S2] 



Zr/Ti 


P(100) 


Ems:»d3i 


30/50 


27.4% 


46pC/N 


35/45 


38.2% 


lOOpC/N 


40/40 


66.7% 


128pC/N 


45/35 


60.6% 


137pC/N 


50/30 


25.3% 


51pC/N 



[00 6 2] mmmi tmm=- doo m$i&.p a 

0 O) i)<Wi<U^lit\ ElStd 3 1 fcoT 
fcy. T^^^-X— 41 — i: LX¥f&tffa±?$>„ 

[0 0 6 3] WJKDHJSfflJ 1 &tf2l-fiHM:. Tfi&miS 
tLX* P t , A u Zm^XWiWLtztf. PZTjHI8<D 

(1 O 0) KlS]J£A<» 3 0%yii±tts:tilf&<. Au, 
Pt-I r. Pt-Pd, Pt-Ni, Pt-Ti 3?1fe 

[OO 6 4] fg3j£#,k LT7^->OA-* 

^®ta$ffl^rlJiB^tfcA<. PZTlIfl) (1 OO) 15 

3 0%&LL£fc;h.(S£<. = <y$-ju=;J-:fSI 
iS, a/^h-t^, Hit A^ta>"CtS<. 
#)<t LTNb> La, Mo, W, B a. Sr. Bi 



(8) 



10-81016 



[oo6 5] i I. :x\z^ mmmi^i^x. 
-o^xmrn^-^o m5<D (a) it. je«#»«*^*«i 

5 P Z TKDRI^ ^tSSit^ S«® (SE 
M) i50) (B) 14 (A) (Z«tPZTKO)JPffi 

[0 0 6 6] Hi v 2(DPZTH 4li, ^sft^b 
fey, d(D*S»{*(D!MM<. glSlc^iTJ:?!^ _tT<D 
■■flOTOKJJLriWESeifcftftLTl^*. B5C: 

j££*LTl^* 0 
[0 0 6 7] cotSAtttt* fBHJB<DRJ5*lR] (ElSlC 

6l>tXtSt. ) 0)«J:y**<. ttMfcttBM^ffl 

«/k» ^ra<Dis= i/io JsJiJt i / 3 &T<Dmmn t 

£+l*o 

[0 0 6 8] £b>lc % z<DPZTK0)*SS*5Stts Mm 
i*ST?fcy. (ill) 0E)MAlBr=!fe<EAlLr 

i>* 0 :-t^t, riafiutj <t(4. #Jxf4. iSftXR 

DaCtPZTKlDlSfi (XYZ) ln(DJ£#tS&Jg£ 1 
(XYZ) "CSLfcttlZ. Jfc0>J:9(=**S*L* o 
[0 0 6 9] 

I (XYZ) /{I (1 00)+ I (1 1 0) + l(l 1 1)} 

wjjit (iii) a>mfa&t+ mmu-r^mtomm 
it. BiTa>ayeab4o 

[O O 7 O] 

(iii) scosafp]* *EOT»£ft 

5 0% 8 0pC/N 

7 0% 12 0pC/N 

9 0 % 1 5 0 p C/N 

BtiSCDHlfiffil 1 , 2tli, (1 O O) <Dmfa&ti<3 0% 
PbT ibZ r a (A g Bh) c 03+ e P 
C:^ AI4. Mg, Co, Zn, Cd, MnMN 
i a^6tt*»^&a«!*tL«2fllia>*«*fcl4Yp F 
e, Sc, Yb, Lu, I nS^C r ^bfe^S^bl 
^*tt^)3ffli(0^M^a^o £fc. Bit Nb, Ta# 

atfTe^b &*«*** &as?**t* 6 

*fc. a, b, c & : t*t : etl=E)l>&t Ltzm-S?* a + b 
+ c = 1, 0. lO^a^O. 55, O. 25^b^ 
O. 55, O^c^O. 5, O^e^O. 3, O^f 
^O. 15c, g = h = l/2, n = Otfe«^ 11 



?lc % (Ill) (DI5ftJt£ 5 0%l^JilCt"* 

y. nk«ii v 2tw*ft«fft>-r^3e**»Tffi«» 
tt*»*-t3^e** 0 

[007 1 ] E«t>-J"»£gtli, ttn**£*EttiAtt 

50>Y*rR3) <DfB»tta>***tf**iMSif*tK. E 
ttttftftftl** «*tt3^««lRl (gl5<DX*ip]) fz*# 

ca)ct5*«uf^pzTii 5 1*. j±si>-r^5t 

K4<ft-L£il*. 

[0072] ^oift^b, Bfc*a>cfcdi::. EiftSI 
<D«eS<DK®*ra<D«/KJ5*raa>«<DfS*<1 /I 0121 

±1 /3J2iTa>iEHrtrc33^*tr^*o" #£L<i4i / 

8J2AJL3/1 OJUT-Cfcy. *b>IC»^L<(*. 1/6 
^±3/1 1 &TFT?£>* 0 
[0 0 7 3] ZZT*. PZTltt, -J£#^£3EJ$#<!: 

±«»fT**0)3&«»a(CfflLv&*l* o zeiPZT 
fl)»*Ll^*«ltLttt, ^WUCcfeot, PZT 

«*»«■*■ *»*i** #J*-i4> *a>fb*aa>«rt**-r 
*t(D"efc*o 

[0074] Pb (Zr x Ti 1- X ) 0 3 -h Y P b O 
(C1CT?, O. 4 O^X^O. 6, O^Y^O. 1) 

*fc. y >y^{Zcfcor. pzTB*»*-r* 

[0075] Pb (Zr x T M- x ) O3 + Y P b O 

0. 40^X^O. 6, O^Y^O. 3) 

v»U>«rtt"CI*. IHBz«»*OPZTi:, 013.1*. 

*o ) *»iPLfcaTic»-rft*a-ca*?**t*iBrts 
**-**a>tf*if &*t*. 

[0 O 7 6] 



OH-(f MgO) n ■ • " (IS) 

U A6<3flfi<D*JlT»fcy. frOB*<6ffi(D£MT?ft 
<. *fc* AA<2flBa)ftHT»fcy. *<5«(D^J1 

-c**»^ giii/3-efey. hi±2/3-cfcy. * 

fc. AliMg, BtfNb (D4p(-B 1 J > n(4l£:S 
"To ) 

= *»*a>«fcy»*Lt^JH*«tLTI4, 7^v^A 

— sj-^BMa-e. AtfMgffey, B^Nb-e&y. g *< 
1/3. h3b<2/3-efc*ta>/i^if t>*t* 0 
[0077] % y;Kf;u^ic«c*a^<D. m3j&#£LT 
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P b (M g 1/3N b2/3> 0. 2 Z r x T "0. 8-x°3 ( x A< 

0. 35~0. 4 5) frZ>UZ>%8if8.X&7ji£il&, 
[OO 7 8] Cttt,-fiE»^PZT5.U: = J$^ 

fc«)l:> MlSBa, Sr, La, Nd, Nb, Ta, 
Sb, Bi, W, MoStfC a^fj^asiJP^ftTi <fcl\, 
tUWl =fi£^^T'l*. 0. KHE;U%KTFa>S r, Ba 

I^T'I*. 0. 1 0=E;b%teTF<DMn, N i 0>}£ilP;!><. ^g- 

[OO 7 9] PZTfigl*. flfTi&LfclElRKDfft. ® 

2ftt (10 0) (D$SFaffi. fc.*lM*B5*ft "(1 n) i 
WWk (10 0) CD^II®<Dl^;hj&M::&<IEAl.Tl* 

y. (ooi) «>siss®ic!i<iHifiiLr^r ; t<fc 
[0080] (HJS0IJ3) z©«,££ffitx.fcffa 

4. S6CD(a)^6,(c)l*, ^Lfcffm»^M^ro# 
Sf jfixaic]}$ 1+ 3 Sr ® B T- th Z . 
[008 1] i6(a)l:*tlS^ll ->U=i>atSl 
Olcf&Igtt^mv ->'j3>Sffi-hlc, ^J5A<0. 3~ 

1. 2(/mfS<0y | j3>8<bIi 1 £fi£j£-T3o & 

0. 005~0. OA/imgSWfiiVSftei 1 

[0 0 8 2] *ut% ^$>&<bl)S±f^ 

55Ttgl 2?, 0. 2~0. 8 // mgJS<Z)KJi;-C}e 

-TxS-efKJ?ELfcT««±lcpzTRl o. 5 ~ 

3. o umm&.nmmx'Mis.-t&o *e>(=. pz 

[0 0 8 3] H1S0IJ3 - 1 : *'*v2&lz£&PZTm 

V'vhtLtffil\ S1S;SJ££2 0 0°CJilT£ L, Ar 
0 0%f?ffl§i*T?, RF?W HP>;*/W$ U 

[0 0 8 4] jfci-. C(DBtrigt*M*iPflftLi!SS^bLr^ 
ns^-t*-*. c<D*ptsii*. k*sihs+ (mi*, urn 

[0 0 8 5] ^fc^*). ffil <7>an?!fclig(cfc^-CI*» 7 

oo-cuscDseT-ip^L. zHiz^^xwimwm^ 



m^itLtzm^x-mTti±tni&i\ 

[0 0 8 6] ^IC, m2(DJJD^Xig|CfclxTI*. £Cfc 

5o JH*tti-i*. f 1 tf>apS&xa^i£JMbLfciiiri&t*ISi 
f7 50~i 20 cc^SrosS-eJbPS^-r-So c<DiPf^ 
li, sSsm*a>&#M>^ TSffii 4®ic^Lra&SiI^ifii 

/3~1/1 0<©®Bt?*fiE^*L4*r-HJS*tt4o 
[0 0 8 7] CKDJ^dLT, TSffi-tl=s #SgJH*fr 
t>fcy, j^O&J?A<T«@®lc*rL.-CB&Sia:£lR] (0 5 

^(6) (@5<DY^|pJ) <Di|lj!l<^ia<»ffi®^[S]<Z)<i (X 
flg= 1 / 3~1 / I 0<D©iHlca&£pzT|g£fl$Jj)tL, 

fee 

[00 8 8] ccf, IRi oipfiftxe^, ^2©*Pl5ftX 
mi*. 51^LTtTort«l:<. *fc^1 WUPfSftX^^fT 
^S£T-5%SPU 2 <D*Pf&XfI£fT 

[0089] mi &r/m2<Djps»xig-t?ii. mmftimtf 
mr^Lfc«jg<DPZT^i 5^M*tfssy. a-* 
oApfft^A<ffiffl*^i>*<, m^m&ojzztemmip&m 

mi>W3zLi\ &fc\ mi &^S2<Dipiftxsi-t5it^ 

»^LL^S31SI*, 5 OiC/SfrKLt-Cfey. J: U 
L<(*. 1 0 0°C/8>IU±T?fc£o 
[0090] i7tt, X/<7$Sl:<l:oT PZ T<75fJ|g 

wm*w*tfL-f *»^(=teit*, pzTKxit pzt 

I*. IB3jS»i: LT, Bt&0> ( I 5t) ©P b (A g B h )0 
3©**^, P b (M gi/3N b2/3> 03*fflL»tt^„ El 
70>A, B, C, D, E, FXffl-£tltz^mtf^<D$&f8. 

[0091] PbZr03: PbT i O3: Pb(Mgi/3 
N b 2/3)03=a : b : c tiSl^tztg. (a, b, 
c) Z^JV/oX^-ft. ^(DJ:5<=^So 

[0 0 9 2] 
A : (4 5, 5 5, O) 
B : (5 0, 5 0, O) 
C: (25, 2 5, 50) 
D : (lO, 4 0, 5 0) 
E : (IO, 4 5, 40) 
F: (35, 45, 20) 

-ffcib*^ 10Sa^50, 20sSbS55, 0 2S c ^ 
5 O-C-fc-So C(D©HI*, BiJlB ( I ) &Xm*JlLtzmffl 

[OO 9 3] m 7 <D^filJ<D*^ (C-B) Sgttfctl 
I*, #.<DknVX#>%o 
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[0 0 9 4] P b T i 0 3 £. P b Z r O3J: y, f, < "T 

J§ ic £ jjt % - t ,£,<!pj L fee 
[0095] £fc, @7<DSfJ(D«S (D-E-F- 
A) J*. 'xn«£S*£ft (1 OOpC/NKU:) 
ZtzSblZfetbbtitzo $t>l-, g!7<D±#J<D*# (D- 
C) (*, *a.U-;SSA<M;aicjfi-^<fc4&. f/Wxi 

( I ) &Vir:£HZ>Ml$.®fflt><. mi 5l=^$*lTl^ 
S„ 

[00 9 6] SJ60IJ3-2 : vOuy^&ic <fc SSSitTjifc 
tbxmm?zz.tt?% 0 

[0097] 

a. -/;uJ!Sfi£ti©fiEffixg 

lir-t^-hS, 0iJxiiKr**D7X»PL.rpSf set 

WtScf!?, ft^<DPZ T^a>*lj££#SC 

*ffifiii»tr*o 

[OO 9 8] *Hffifi»JT*l*, g«lBt|l~PZTM (EEStt 

j*a3*tf7=.— ,/hbj3B4»i=*«jimk t y=bitfaj£#<D 

-5PZTffi*<D^«ifflfi6i:-S{-rSctlc^S 0 o£ 

•CttPZTJK) (=»6tr*3e**t*. 
[0 0 9 9] *HfflS«iJT*l*. BEifi(0iBA^ftt»«l 

i:4iPZTi*«fc«*. y;n=tei^r«*»*ft* 
fiUfr £>^:fc£*iS*«fc y 1 2 o^;u%*r»* L < it 

[oioo] **is«-ei*, zovjuitmwm&r-te* , 
tot&^t'titz&m'tobLxm^hti&totfi&tiLi.*. 

■So '*6i=«a-r*^uT-— ;uatfT=. 

— )\,x.mizis\.*xmm<Dmwfotj&&i!si-?z : t><»tmz. 



[0101] &-£L<m^t>4%zmmMm-it-£®ibL 

[01 02] ncfc\ *ms«T?i** *y*»e=.^** 
im-tz^tv. o. 0 

^?LSy;UjtK*. t Ko^i/T'PT'^tJl/O- x£j$ 
iO-TSCl^-l?, 0. 1 (imMTOXZZX'fr'OltH.^lfi 

s, 

[0103] *S«HHT?f*, TKUi^u^yj 3— 

Lt, ¥)S^i2 8 5-4 2 OHJgOTtOTA^JSlCffl 
^FtSl^aa 0 0~8 0 OigSWtCDA^jSl-ffl^P)^ 

So 

[0 1 O 4] ^USSWJI-^SSit^^'CI*. 5fc-f. CO 
l/;U*&j£1fc£PZTjg£^f£ Lett's TBS (^16 

(b)#Rg) JlI-^TTS. C(DB#0)^^l*#lzKgS 
£*L"f. ffi^fr^r^S^a. mi*. xtf>zi — 
K 7 s -f ? ^a — K n— ;Ua— K /<— a — HlllcJ; 
■3XfT?Z£ffX'$&o X^U — 

So 

[0 10 5] S*(=«fey^*4xfcffi<Ol5*tt. 
L^r^^JS$tlS^^LMy;^^«)^¥^*<o. oi//mia 

1*0. 1 ~ 1 umm&t-t^>Ztit><J:l\ 

[01 o e] m*a£*itz9jmf$.®&&m&.m. 

*fcl*2 0 0°C\>jLT<D ! ,&&X'1sm-tZ>o CCf. w<D& 

« (.nam) z*itzm±iz. yjm&vn&zzizmifiLx 

8 0<lCJJl±CD5gST?K;Jt**i.SCi:A<a^L^. 
[0 1 0 7] b. V;USiaj?E^t)JtPSffi(D'7 , -»U'(bXS 

itrMLf=y;uj!s§fie!|«D<7)fig)!sxgT*#fcig^^j5e 
^i®*«|!|^D^llaB<Jlc#^^tt^^ft»a)^aig^b1^3 
e, <c s ^ftiy;ms r*m-? s. 
[01 08] mjsi*. */)i>m.!&ya<r>m : £:fMtL. 

^iranft-r s c t iz <t o r ^ 5 . 

[01 09] *mfamxit. 3 o o ~ 4 5 o 

t;(C-rSCt7b<*f^L<. 3 5 0~4 0 0°CI:t4Zt 
1 0~1 2 0^fIJS!f)<Jff*L<, 15~60»g 



(11) 



1 O - 8 1 O 1 6 



JBl*fc»*l=l*, 1 -6 0»iS*<ff*L<, 5~30 
#aj£<b^3Ci:*<£t>lcS^Ll\, lU-ta>xai=«fc o 

[0 110] c. ^l/7--;i/Xg 

mr^ Lfcxa b T?f#fc£ttKy;u8JS£inm«6fifc 

■So ttJSl*. £*LM^i>jlB£siSJIM0>&Jl&tt«!ifrt> 

tt -sbi-^ss-t a fc»i=»»<ca*-efT 5 sen* ic 

[0111] *H5S^Jtfli, LT 4 O 0-8 

OO t Ca>£5BA<ff3=L<. 5 5 0~7 5 0t!fflSitft 

at,i-*z.izifi % «fcy»*n.\, ttritttmi** ttAa£& 
< s o. 5~2ftmaaE4*<ky»*Lt*. rta 

(Rapid Thermal Anneal ing)i?3:ffil^fcif§cq, O. 1 

~ i o i*mmw * l < . i~5 #ajg*< * y » * l 
[0112] *fc, xmnmnit. z©^l/7--jh 
m-mmtLx. 4oo~6ooic©gi©iggT?^i/ 

7-— ;U£frl\ f-SKt LT, 6 0 0-8 O 

0°c<7)t:H<7);SJt-e^U7— — ;u£^t5o Jbt 
*F£L<I*« S-SBiLt, 4 5 0-5 5 OiC(D®H 

6 0 0-7 5 o < cro®iro;Sgf^U7--;i'JlTi„ 

C©xai=«fcoT, ^?LM'7-*^K^I%M<D^a^b 

6 ft *«l= 
[0 113] d. nusLxa 

WiLfclla.- b»tfot#<I<k*1 HSLt 

nysu eaH<©^a^bi*i<DK*as-r-5o 

■C. Z<DH*yjSLXST?#&*i.SK<DKJ5, &J&;SJS, 

[0114] cottyxLxa<Disx*&*i«BJBB«> 

MEI&. «|IM«PZT««>BK£#*LTMftjrr 
4il<«kl^. tatiftlfi (He) l=j3lvC*7S> 

[0 115] Z©HyiELX8"C(** jtCUBl*L.fcB± 

;i*«>IS£. •ffci=»rt**tfc*fl.«^u»Ki*, 5feic^ 
[0116] cc-c, mm&i--mtz*itzmti*. m 

y, a«**tfc»iBi=^a«JB3b«*or*j:^. *u 

T, *&|:i8a. b&tfcSfttyS-fttftl::!*, * t> 



■*0>«B«£»ltM(=-*fc*ih.fcBJ:«CS. 
[0 117] BEB^jSffiSl^^^fiE-rSfc*©/^ 

[oils] e. ^p^x^^r hsttamsxa 

JfclC. xa d T'#fcffilC. jKAlA 6 O O - 1 2 O 0 
$bl:!ff L<l*800~1 0 O OlCOSSffl-CT — 

-;u£fr5. MMtt. ttjftmB*>« MtS^roi 

0. 1~5^BSS4 { »*b<. O. 5~2B#P B ia 
ft*M:y*?£Ll\, £fc, RTA<P«ffll»fc«*tlt, 
O. 1 -1 0#aJgA<*?*L<. 0. 5~3»iSA<«t 

y»£ui\, 

[0 119] ^<D^P^X*-< hStSAAAxa. r<C 

•So ^ttWlCf*. m-S(gT?l*. 6OO~8 0 0tgg 
<D;gJST?T— — )V&m\ 8 0 0-1 O 

0 0°CO);SJetf7'— — ;u^ff 5, ~£t-. L< 
I*. m-SPgTI*. 6 0 0-7 5 0tsag<D;g£T?7 = 
— mxSPt-eii, 8 0 0~9 5 0tfl)SST* 

[0 12 0] JiLhOigfN-.fcoT. T1S1 4±lc, £ 
«IH»*6«cy» i^MA<Tlfi1 4®lc*fLTiSS 

<d(s*<. a^ssg B B B s«)B®^iR]<Dii t kyg<. ^at© 

«M*Gl«>«£. 3ttttAtt«>niE«lR|(0«&a>Hft 

BISi^lRia)«/K«^fi)<0«= 1 /I 0-1 /3<D 
gi-C*SPZTH 5^MLfe. 

[0121] (^©2) ta-oro'/ji/^a^ 
[0122] t . &wfi\,mismtfL3M 

aa&tf bc:*si,*-cfl*j£*;h.&BJi, &j$jssi*, 

[O 1 2 3] *HS£ffi]T?l*. »JlBa>BJ?£. 1 ix mU 
TI=i$S-r-5c:i:A<»^L<. O. 5^mfelTlr-r^C 

2fe<7)Xa (HO |Cfc(+5:7U7-— A- 
[0 12 4] c'. ^UT— — ;Hg 
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r^fc. commit, nmotmrni^ -spg(-»itr 

^tUi*. c©xfiicj;y. 

[0 12 5] d'. ftJILlg 

tZo 

[0126] CfDIfd' HJ:-3tttbih.fcliffi©I 
l,l\> 

[0 12 7] wOMUiBLXS-eii. jfel=»*Lfc«.t 
*K»l=-«:fl:*#i.fcflla>3fe«l4, MLfcHI?* 

-So 

[0128] <cte, iES{*»ffi*^-*^-r-5fcA«)/< 

£*<&■£ Ll\ 

[01 29] *-©&, Ig e £ m\ TWm 1 4 ±JC % 

(pKoipgA<, aa«s«it©BisB*iRia>«i«kys<. i*A«t 

©BJ?*|b]©i|§£. Sa*6A»©ffiffi*lR]©ffi£©§8« 
*<. JUS^lRKDiffi /M*:&lRl©tB= 1/10-1/3© 

p z rmzmmLtz. 
[oi 30] 06 (c) ci^rr xg-ei*. I§16 (b) 

RJS*<, 0. 2~1. 0 ttmmS.<07JVS.-0^^^tsi 
[0 13 1] C©<fc5l-L.T\ gl2lc^-TI±mtt:^B^ 

[0 1 32] (H«S«4) HJS0ij3l-«-5IE®tt; 
Sl*^ (ftS|?nl) <t. PZT|g£«|ji£-f&$SAi*© 

una. «swai ^^^(D^ji^^^fcJiwftjSK*^ 
at«Ai> t©jE«i>-r*je» (pc/n) *ajfeu 

fetC5, »Wft 1 <0E«l>-r*3t*l*s 1 5 0 P C/ 

N-efcy, Jt» B D n i a>E*i>-4**£&i±. ioo P c/ 



[0 13 3] ^©ISX, f£BJp a Bl I*, tfc« B a B 1 Ictt-t, 
fco *f=, ik«?,S.ia)PZTB<DBf®*^-rsEM^m 

£08|Z, g|8 iZTjk'tP Z Ti©¥l$§tS EM?K 
Tt*fc„ 

[oi 34] fc*>\ 3gS6«3-ei*. PZTl?. X/W 
l=»LTWS«*lRll::*rtE Lfc*S*fll5t.fc P Z TI^ 

[0135] 911KM-3 t?B. is&ftattjw. m 

LTIfcSlI^lRllcffttU |8A{*©1BAtt 

<, *6A»©KJ?*lS]©i(fi:. !!SttlBAtt©HlE£rffl© 
4f ±r©g|p£A<, Kffi^lRl©*S/ieJS^lRl©ilS= 1 / 1 o 
~ 1 /3<&®H-e^J5E£;h.TL^PZTlgl::o^Ti&0J 

L.fcA<. pzTKii, < timgk&omRtf. mm 

[oi 36] (Hlfi0i] 5 ) g) i o li, te©GEm#!iSK* 

^ftjS^STserowiB^jF-fjfeSMS^sflWBi (s 
em) ^a-efe* 0 j&fe. zammmx-i*. m^comm 

&i;xei=iiL-ci*. «-o»**ttiLt. *©&mi 

[0137] C<DHJ£0iJI-^S)IB<*j*ffi*^<t. USE 
«3©S*i*fll«*^-fc»<t*ifl[l*, TS«l©*jS&o: 

©T««I4, 4: HMt* ^ > i: ©^b 

W7ft9 9ii%, mtj-z^i A^e. 

A^o. -©ft^«B©«IH*©«[S*<, Biol:* 
■T<fcdl3. St5©a®(=*tLrBSSE^|6l(=#«Lfc« 

[0 13 8] c©TU««A-4-«ISA14iM:. * 

©«St#A<. PZTK©Mffi(C*fUTB&Mit^lB]lc#?E 
L, eAtt©M««^©*&. B®^(B]©iSi:©li« 
KS^(fi)©*g/JI]5^lB)©ill= l/iO~l/3i' 

[oi 3 9] c©*5ft«JS*«jl.fcT«ai*, St'fb^- 
*>*<^^©J|JHB*«i«-r«t^5aSa^6» PZ 

sofcy, s^yt*=i: £ JWftj-r -5 c t *<r- £ 

PZTK&l/:^^>St<b®i:©Sait^[a]±*l± 
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[0140] z<»mmirffiz.tzTmm<D®&?>iii 

[0141] 5fe-f. M6 (a)l;*tlgi:l^^fl)^a 
V. ->'Jp>£*Ri o±fc. v'Jn>iM:lgl l Rlf? 

ir. -J^^i-Z-fv htm\tT$^*-fv v&mm 
111%) fr&fcyi. fro. c^b^rosfSJlttro&f?- 

A*. SSI 0<Dgffil=*fLTB&MS-|SllC#ffiLfc^it 
£#U * t»(c^ a s a J(a<7)MJ*^rS]<Di|li:, KB^lRlWill 

kommtf* mwiift<»m/f&myjfa<Dii%= 1 / 1 o~ 
[0142] -e-wgL Bir&L*:ll;lfcm<ti^4§<z>;*j£ 

T?. T®Hl 2±(ZPZTSi1 4&Xf±mi&-\ 

U EH*»lff^#fc. C0>Hi&0ij5IC«£>I±«(* 

[0 1 4 3] 5Klc. IIJg^jSjc^^lEmtt:^^ 
I*. 5IWS2<!:^«<Olgjt^fiix.fcI±m«:^m^ (J± 

^ttfll^MJIfSt-fe*. Si II*. Eli oiz 

s-f Sib^r-aoy. pzTA<tt#T?#i,*«it£5*LT 

[0 14 4] C<DI|gm. JB91A2I*. £ lj £ 

[0 14 5] 3Ztz. m&&2 ttt^&2iZ-Ol\X. TI 
*I1 2©PZT11 4t©Kftt, StfTlSl 2if 
*>!HbJBl 1 Ai:(0S*14^P2Lfc, fcfc. con 
SI*. X^7VfK»«l3j:orffofco C<D$SS. #S 
IBS 2 1*. £bt&Fq2l=tb'<* TtSi:PZTli:©gf 

[0 14 6] fcfc. *HS6#JtM*. T*«£StSEa>*&j£ 

*l*. ^7^9 0-9 9. 5lf%, It-lb? 1 * >A< 

0. 5~l0li%tt5Ci:4<1?^5, 
[0 14 7] *HJ£0iJT-l*. TttBOlSAttOtt 

S«1 0<7)*®|Z^LTBSS1S^|p]I=S?EL. * 

A<. ■36'£ffl<D<B/KflreiRld!>IB= 1/10~1/3t 
SKl OCDS®IC*fLTBSSut^|p]IC#^LTL^I*J: 



[0 14 8] *H«60iJ-ei*. T*S£. 

i: &$<b^ * ^ k OMbdfcfr L o l^TfttE 

<P«fig^jjtT?fc5te<P&Mjcjjt(PB£4b%i £ <D<b^*^ €> 
*fi£btt<t:t^ CCDgHb^i: L"CI*. If fcT* ><*> 
te. 0|J*.I*. KtblB. SMsSM-p-^A. &$1b^7*v 
-5 A£ 8<b - * if e, *t £ * 

[0 14 9] (HJgfiiie) K^fL (fifl.) 0>S£ 
fijffli-r^ctizcfcy. i±.m^lS+fl)-J7 7-v><D^^ 
R6ih-r 4<t 513 Lfc*^<DHJ£«iJl30^rlji^-r 4. 
Si ©£^<DS6T®i£*EI£gl1 2IZ^f. C<D01 2 
Ic^-T^ai-. EESttlgl 0*|c|*. S?l2 0A<#ftL 

■easy. Lfr**a>Si?u*. ssdi&rt. fc£ 

■^-CD^JSSTLgfr. 0. 0 1~0. 1 //mtI-3, ®« 
5BJSA<0. 3~5%T?fc-5o 

[ 0 1 5 O ] IE ^*M0>MJ*l*. 0. 5~25tfmlt 
*<»£L<. <fcy#*L<l*. 1 ~5 jt/m«£-t?fc-5„ 

jeic •fftrom<o^*i*. ara££4vc&i*fit, mi* 
s i *«!*. i o ~ i ooou mSS. s i HftlSlbffi 

I*. O. 0 5~3//mfI®. ±l®&0Tfett, O. 
0 5 ~ 2 // mSJt A<»^ L l\ 

[0 1 5 1] KiTlC Cfl>Jia«:M^ffl^fclimi*^ 
[O 1 5 2] J?£ 4O0(im, ES3^>f«)S i g£ 

^65it-r?j!fe;#Lfc^. 1 0 oo°ct?4B#r B l. 

t7&$fftf?BJR*t?. *Pf»Lr?^^St1b$^T^. 1 //m(t) 

>x/<'v*ai^J:or. Il2 0 0t>yxhn-A© 

T i |g<b:. MJ52 O O 0-*lsV7. hP— t BkZ 
&mLXMmLtz„ MIc. X/<-i/* 'J >9$-¥v bk 

4. hPl/X/^-v^aiz^oT. P t flg-tdlSJll umO> 

tZo 

[0 1 5 3] Btlg^M^JS^nfcS i 
*-e6t^l?Hm*icriai&Lr. «m*a«ISJlfl: 

inS^xgi: Lt 6 o o°cT'!|gH<b-f 4£-e»a§»u miz 

^<D^2tamT.mk LX. 7 5 0°CT'«^^ftofc. 

tt^{*M*a>m?L<D¥Jsm?Lgi:®asgrop^ici*. 
^irT^u^TXtfffi-eaJiiS^wp b*a^Eib, ^i 
xnjas. m2i)oiftxieB#r B iA<ja<, 7t^77^it 

P b A<^tNi:m7LS&i;®«ffiffit =6^# < <C4MIR)A< 
fg2ilPgftxma)SlSA t ffiL^i:. fe^l^l*. -e<0 
aP^^A^ft^i:. $S.nm<*£< tE41g|o]A<*4. 
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[0154] EE.n&m<D±iz£ msit^y^hp^ 

x/^>v^^ic«fcor. mm2 o o o*>7* ho- aw 
p t m&r*m u *$I6<jici*. e i ics^r £ 5 icjdx l 

[0 1 5 5] JilEir^-rj:5^S{^^<D^MlCcfcy, 



— a3ic^-r«taicjs:ofcc 

[0 15 6] ft7L(0S^I±, -y->^$fi6BfL, 

RrS$i£sa*?imtt (sem) icr, gstsci 

[0 1 5 7] 
[*3] 



TJ^STLg (tun) 


^ 7 1 9 
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0.02 






0.05 
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ft U 


0.08 


ft L 


m L- 


0.15 


& L 
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[0158] du a3^i=^-r-y->^KD^?La)®s 

SSI*. 1 ~ 2 %CD^fflrt £ Ltzo W.% >) —Vtofflfe 
l\ ®E1 O 0 v£±Tffi®r B 1lcfWi0U!i|SLfc„ *7 

[0159] C(Digmi=<fcy. 0. Ol 

-O. 1 vmXu V=j"J J 7*,t&<, W.% 'J — 0 %it$.\, y >~7 

[01 60] commit. )ZLT<D&=>r'&&t%z.t,ti 
'J— JmScfc y Bt>fci6l-, M;g*-eSSBT-T-5 1 

lEffitfcjg^sae-efcy-f *<©i$<DM*£ 
[o 1 6 1 ] trfc, »»a«ft*i''j3>ai«i=it'<r 

[0 16 2] 0*y, ft7Lfi<&«gAfeofelX3«t. S 



[Ol 6 3] g?L©iag;&U:ffi«iHJ:y*#L** 

[0 16 4] Elftf Ti: Lr©WAilQiSiSSSS* 

frofc. LTIi. ±TmiHH=7 r a.— TV — 1 O 

%, I;M1 OKHz, 3 0 V (D/iJlXWE-ZWIiaL. 

[0 1 6 5] *<D$£^ ¥±&m?lgA<0. 05//mUTF 
Wlg^lcl*. 2 x 1 0 9E!Ki-ha>«iy5SL.iH^tt**L 

¥$S?L&3!><0. 0 0. Ijumfel 

TOmSlzni^Xlt. 2 x 1 o9(Hl^tflr % ^&**M£ 

[0166] (HJ601J7) SIJ£fliiJ6i:P#lcLr, Slfl. 

— g4[Z^-r*5IC<f o/to 
[0 16 7] 
[14] 
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[Ol 6 8] <IU S4*|c^-r-y-V^KOmfLi35 s f^l 
ftfl.S(*s O. 0 3~0. 0 C 
0>«i*l=<J:y, m?L<D®i»SJS*<0. 3~3%T% $7 



[O 1 6 9] BEW**^*: LXOm^lmmU^ 

ftfl.<D®«fBSA< 1 %KlT©t^tli, 2 x 1 09 
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@KLtCDIt*.te£*Lfc;!><. %n<Dmmm&t<. 1%£ 
Ic. ^iMtfiSTLTLf;?. 

[0 17 0] HS£CU6Xt;7(cKl,xT. LTS i 

(DHr^ S^Sffi£Jm*Tt&^L. ElftliLT, 
2J5g#j&PZT£lf!^T, IfcBJLfctf. 4,*>*>A/fflifcfc 
<fc oT. ESt*M©*t^^x^- ( fc)!)<li*L<, «ij7L 
li. hlE^-v K<Di§£-frjjH*T 

I*. +a.'J-ii<2001C)il±t'. i6lM±tt^3£Sd31 
£ C t ^ffiJfc-S 3 &L#Jk P Z T 7? fc-5 d <t: L 
<. 3!KM£L<I*. f3^tLT7^^vOAxt 
:?S£f&£ffl^fc. 3J5£«-^PZT-C-fe^Ci:A<M*L 

1*. 

[0 1 7 1 ] Ell Id*. a- : E^7l©7^fal-5 
<D0iJT. IftBSLfctf. Ell 3lr;jvr«£5l~. /W=E;i>7 
MOT" ^3.1— 5»|zt,j£ffl|*Plte-efe-5. C*Ui. 1 
2CDTm«l-;ttLTtt?frl::fcof::«j££fcLTfcy. 1 
01, 2 0 1 I*. IIWWKTfcy. 10 3, 2 0 

[0 17 2] mm<D^m3) i i i. ja±uiBj 
iCwic*-rtfSEi^^-ro Eii 4i*. 

[0 17 3] Z<D-<><7 i?i -v hitlE^-v Kl*. -<> 
*jgif>2 7AW^ftfci/'Jai'Sfi2 1 <!:. v'J=i> 
S«2 lJllC^jS*tlfcffiiJl«2 2 H1M£2 2±<D 
R)fM^IC^S4xf-T«@2 3t. T»S2 3±Tfc 
oT, -<>£;g#>2 7lc^JCLfcfiai~^fi£**tfcl±m 
t*5fffi2 4<!:. I±mf*jtffi2 4±|CfK)S*^fcJl«e2 
5t, i/U3>S«2 1 <DT®lC^*tlfcm2(DSffi 
2 6ir. ^7LXmiS.^HX{.^ 0 Cfl>gtR2 6lcl*. 

[oi 7 4] Tti2 3i*. ^(ommmx-mm^titz 

«j££*rLTl^. 11^1*^2 4lCOL>Tt,|Hl 

4$Tfc-S>. 

[0 17 5] Cro-f >5 hSffii'v; Kl*. El* 

L&IW >^3SK$-i>LT-f >-5'jg<62 7 lc-< > 
$S£*L3. CCT*. Tlfi2 3t±ii2 5t$^L 
t, El(tl2 4(zBE^EP*n-r-5i:. IE mttHI 2 4 *< 
^LT-f>*jgtf>2 7l*j£ft]±(zU -f>£f=i±*l£ 
*Q*..5. CCDIE2)I-J:-3T. -f >-7A<EI* L&aW XJU 
3^6tta**u» -f^{>iv hffl&£fr?o 

[0 17 6] czt. 0?vi7 h^aEg^-v Kl*. 

*<T#£„ 



[0177] «fcyju*tti=i* s jjcotasy-e**. e* 

(fcjS&l*, 7* hX«/^>^(=J:yi|SO. 2mm. ft£ 
4mml:/^-->yu •> U 3 >«Rf=**ttx -y ^ 

fiSLfc. S«^t«JBrLT-f i?x? h^-y K*IE* 
ST. -f>^*tttii$li-fci:^^ *5>&ltlll4i« l *& 

[0 17 8] COiBfil'N"/ Kl*. Mz.lt. S i & 

Mflsll*Uff£: L, *©±«fc. Til, USttJg. 
±««t?*U* s *i £»isi±m#if§^£ ? P -tz * 1= «b 
y l. to+tef^- 

t£fll<J: LT. EE*SJ£*d31©«l«|tt»&LT. 

m 3 £ l r v $r* -7 ix-^t- :?BtfS£SS*ra Lfc 3 j£ 

»iPZT$ffl(,\ ^-<DJ*^*2//mi:Lfc. 

I*. ^-(TJWffllcT, m?LA<#«L. 2pJSlM7LSA<. 0. 

0 1~0. 1 //m1?lo, ai?BJS* ( 0. 3~5%(Z)© 

[o 1 7 9] ?* H7f>y$fflU5t« fv^wmm 

[0 18 0] *«KI=«fc*sSKJiatt:* : ?-tt, 
fcWttS fUffl LT. a>!^<Dffl^lcfflL^t,^^TaL^„ MtL 

i: LTfiJffl*+i-5ciTfc-5„ 
[0181] 

^i*. «aae»EiRitt*i»ofcpzT»Bi*ffl^*w 

[0 18 2] :Me91(Zfi|«B:*1*jVlt*?(i, C(D«JiE 
BSSi£^[RllC#^LTL^^fc4^). ^ ^ -y ^7 £S6£$i±£ 

[O 1 8 3] Sfc, Sg|%«:<7>l!g|13fi©mJi[^|fi]<0*i^. 
•S»tt<DUIiB*lRlfl!)«J:y*<r*CfcT»» cwjas^ 
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[0 18 4] f LTffc, TWMZZf^TI-t. 

[0 18 5] Taffi^«fig-r?)liS^t*:a)^^. 
T% ca>3tt**i5±*-l**::iJ&«t?**. 2t>lz-£tz. 

£ $ t» I=|rJ±+ £ C t tfX # .5c 
[0 18 6] *BBJ<D^I)gJES{*^(±. MJ* 

[0 18 7] £fc. ^fgfEJc&a-f >^i?i^ hxCiE^ 

[HffioofS^j&ittW] 

[hi] *mwiz&z>mm&n&m?-$:T<7 ^x-* 
£m0r*fc5. 

[02] Hi 



[13] 9 0 0°CT?7--;UUfcPZTjSIS<0»fiatl= 

cfc & x mm *t / < $ - > * ^-r x £> -s . 

«fc * x aanujr/ ^ - > ^^-r x & ■&„ 
[H5] (a) it*&wiz%t>%^ &mtmm$k**m 

i (SEM) flT'fcS. (B) l**-<7>¥®£^-fj£S 
[06] <a)fcl»L(c)l*. 0 5<D)i«fi:*JS»^-.(DSjg 

[0 7] 0 5<DJimft:jiK(D!ia^H^^r#i40-efe 

So 

[08] it^ n ° n 1 ^1S/56-r-5PZTM<35»rffi^*-r^2 
[0 9] 0 8lZ^f PZTl(DfI**ttSSl?a 

[010] &n#-mmm*£Wii$.-tz>. &#$sii(DTS 

[01 i] ikijn'p^li^-r-STSecDBfrli^^-r^fi^ 
[012] 01 ©^SP(Dt£^:Sr®0-?fei.. 

[01 3] *mwiz&z>mm&m&m i f-&'U : E)i>-7W. 
art f- j-x— * icisffl Lfc^<o^ffi0-ea&5„ 

[014] *««©JE«*M«**S-f >*i?x? KIH 

^Mi-fflt^=Bf00-efc^o 

[015] ^©HSB^UiB^^cD ( | ) j£X'7K£ti$>m 
m&mtfi. 01 5I=*S*lTI*S. 
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10 v 'J =i >StS 
1 2 Tlffi 

i 4 na(*K 
i 6 ±ma 



[01 ] 



[0 2] 



(18) 



1 O - 8 1 O 1 6 





imsi 


(A) 




W D I 6 


20-(1fly-9S 


P546 








Life «y 










[g|7] 

Pb (Mg^Nb^ O3 



1 o] 




PbZi03 — 



WD15 

p 1 a 0 a 



2 3 -JUN-96 




BEST AVAILABLE COPY 



(19) 



ftlfl^F 10-81016 



II 1 ] 



II 3] 






-203 



II 4] 




26A 



[01 5] 
Fb<MSi/3Nb2/3>03 




[SttiH] ¥j£8*£1 
1 1 

mjE^*«s«] ins 



[g|5] 



BEST AVMtABUE COPY 



(20) 



f#BB¥ 10-8101 



(A) 




(B) 



20-Mfl.Y-96-. 



a e 4 2 e 4 ' -r sr. a k y .. ; X3 e.a.K i.ae; 



[«iE*afe] 

[18] 



WD 1 5 


20-MAY 


-96 


P1339U 




/ 


























. a k i . eg 




15. 0kV X3 8 


p m 



[#««iE3] 



[09] 




[«jE*t&«g«] Bl O 
[*iE*a] £M 

[010] 



BEST AVAILABLE COPY 



(21) 



ttfflW- 10-81016 



U B 1 5 




29-JUM-9G 


P 1 2 8 8 






;•• • : : ) 






8645 12 15. 


3 k V X 3 0 


.QK 1.00pm 



[3MKffiIE5] 

HflEtfgs] £M 
[Hill 



UB15 

p i 3 a 2 


20-JUN-96 








00 4507 


i5.8kv X30. 0K i.aaxm 



7P> h^— v<D$t£ 
(72)&fB# fifl £ 



B6S t m** 1 * 



